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Rmlej (B) -ftad WM £mmA Wmt -wi#* 
mrnXlm flH«4 f»iw ••aatftfiml Itoit 
mlmim, 'm^m  ^ &oml4m?mblj m » • 
<Srs-liig ovar ^ p©^i€i€ of fowt at six i»-#ks» Ftsete (4) 
mm sol^ tta?# m ^ a^mmp mmemMMM 
W^P$ •si wooi, tfeaiy eoiidm%i¥iti#» to# 
ii»r®fc#«€ less t« p©*' e«iit sm^ml mrn&ltlmm 
liig^ in SB- iBK# iM *^dlSAteSi0B w$.tts it. sa^tet' 
mt®€ solution mi SmCiOo)®, giviag m mMMtm «f 
•^a pro3»@t mmiM^mm  ^to •« 
Molwa ©jffeytf*on® par mn% hj wmt^t mvm gltma t» 
wBiMmm ©f• .«ail 'fe# «ff««t m 
m&wrnBX ^msmmmtwm -im 
glwiB 'WB ..a©S.#'tws. ^ 'SesteeS '*8' l.iiii-'*N^w#d. l^oli- ft 
puiat mm fco 
teWME'l. lllSttlsSteBs 
* f • • 
fh@ het • w«& ia m aodia#fttl#ii 
siC to' standard fom «f apparatus descrlto«i toy -mm »*y|.«a 
(M) »««« »f Stsnia^rdii-# «ateig#» itt 
teil^  l^ o» tbfi ataaiMfd towm of liot piat® ftppajpstas  ^ Wif^  
tia»®©-folds (a) *©ife«d mt -wmprn^^^m wai"teii,| 
{li} iaplos^«t ^  mit| C©) strmtwe -of' ti» 
©oM plate 
•figai?#, 1 mhxms. «• setoiMtl# disgrw  ^of t^ -
atpp»atttS# A mkim l»«tlag « e^®©»»«tiiig mit, 
f«ist@n«d'With mmhlmm memwrn to Ij&toslliii' 
wh%^h mww0 rnmm^  ^ •Btti'ts b©tw»#a tw' 
tnreadM rt>ds, (i^  attaohed to tJ-  ^ supporting mMnm% E# 
•fhm as»ii^ l#d '»#• s#<iw#d by thin 
©a tio-  ^ sides &# bakolit# ®hti8 m«tiaod of- rigid 
»ep#B.sioa' ©f til© apparatus permits @f joakta  ^
t#sta wltb tb# si^ l© «lthir ia ¥»rtiii«l m -|b® b@ris<»* 
%al position,^  .#fee r©a% assess t# ii^ pl® 
wmmm »# of -«%« tB«Mtioa ^ awr® 
t gi-r#® th© details @f eonstruoti« 
StttetPf ttad -aaim b®at'iiig-. imlts ani indicates tht saBa«r of 
,#ss«bly ©f «i»'lr fikri«ms ^rt®», ^«p«a8ating mit 
• S •mi 
FigtiJre !.» 
A- • .1:*^-,, 
B » #wp2.d ' 
0 * Coxapensa-Uiag. mi%# 
B • Ai* 
1 » WAlu b#atiiig mtfe* 
f * Cold plate ^rnkm 
S * fto€,« 
H «» Ssiaple 
 ^ * Itg®- iiisaMM«» 
Figure- I. 
*' !1,0 *• 
Fig«r© Mm of -of units» 
A » Copper plate. 
B * »!*»%* 
G « piat«. 
® » Sti^fei'ome ribl««ii,# 
1 * Air spa®#* 
W * ying*: 
U «• 1 wsu 
n * Copper mmrnm^rn. 
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of copper plfttes. A, 'm^mn lAisM mrnm 
i# « h«mtiag ftlwaenfe «gii® #t m. * 
.mtmr# si« -fij# ii«»tlag 
insulated froa %im metai plate tef thin sffidoanlte 
mt rnlrnm a«ia heating mit; I» ®f 
•®©ii#^re@'ttoa Mt hm -Sii- ftollOTisg 
Cm) A t «• saw-cut, Qf isolates ait outer guard ringj^ F#. 
ms&M hmMimg thus minimizing, to 
#f lai»% :fS»o« periphery of th® hot plat®; ffe) "Jh© ®dg@ «f 
•*!» umM^m m %-stt wmLiXl&rf 
'la order t© im&t l&mm& £mm th® esdg# mt 
hi^ t p2jt%«# m ^ompmnmtory h&mtlng 
 ^ mf twm MmoMmA. »«pl#8 
#f tiiermal insulati03a» 
pl&t® m mm- »t«e- ®f m .stomlA®*,.. 
©oppir t«ak faatenM t# Uie supporting ©abin#t* 
plat#® mvmXj @^©»a wiifeia tli® t«k in.s«e« « 
•%« '.iill #f th« teifc mM 
quentlj m uniforM distribution mm 'Wm 
mwiimm of #®M platd# 
fhe loose-fill insulatiua #^^ising «j® sample 
t®st»d is plm&md la a hollow of micarta 
bawiag a dtpfe df t*# »•. »®at-»rigld she@t» 
fe th® %©t ©f ill# hollow sq«si» % mmm 
of friction tape facilitate tb© handling #f loose-fill 
materials* After the filled asmple fram© ims bean 
to 'M&t plate  ^^  ®«M pMt®, 
^0#%# ar© reiaoved, thu« allowing the loose-fill iasulatio® 
iat® dlr©#t witli fiwr-astiil 
Edge insulation consisting of a framework of eork*» 
is pl&omd ovmr Wm a©@«bl#d heating units ^ sm^tm 
frsm®, and cold tank* Tim inner Ad«- #f tl» #%# 
is iipbolatered with asbestos clotli to tasxire close 
»itl» Mbm ®if«« of tl» •,»« :p»i'r#at eire»l«tion o# 
air betwwn the mrioxis imits. Figure 5 bIjoiws a photograph 
#f tiie aaseaabled apparatus edge insulation in plao## 
Another of tlm mpp&r&tm witt #%# iasal,feti» 
«d-sumpls frs»# F«io*id is »feo*a 4# 
•f®aperattai-'e» mm-
•lti©3raoeo'5Bgsl@af^  th.@ ' f»®## to#iag 
M«i»' of * jpot®atit«a©t©r arrangeMeat # The tltemo-jiiaeti^as. 
mm aad# by • #o3^»i»g. 24, B«' S« 
wire to tb© copper plates* An insulated ©onstantan wire 
to Utm -mn^m of fel». hot %m&» timWmm. th® 
©opp#!' plat# -m$A Wtm aie-ttnit® sh®#t to tli® of Bala 
h©«ti.ng m:it .i8aS to a biadiisg fost om supportii  ^
cabinet. A «imi3  ^constaa* .^ wiir# ftt-teMi*®# fe© 
#f til© oold plat@- sad leading th# -told t# »o^#ir 
•» 14 "• 
Figure 3. Assembled apparatus with edge 
Insulation in place. 
Figure 4, Apparatus with edge insulation 
and san^le frame removed. 
' • * 3L6' • 
MiidlBg pogfc complffta® couple, 1, fine copper wire 
Qlsctrieal eonnecfciea between the hot and cold plates# 
•fl». nail is i». sec-iiriiig theaiaal equili^riia 
'betwen th© heatinc unit snd compensatory unit, an€ 
'&st*#a y-lag «iiji. hot For Sila pm^ixm 
baiiks of theraocoup3.es in parallel tised, five 
eoii^ laa being eaploj^ ^d in tla# fo»s©r eae© mA foia* ia tl*:. 
lafc.twr* mmm& ©f of' »!««» thmmomwplmm. 
is idrntioal witife that of tlie tlisrmocouple b©tw#«a hot anft 
mM plafcft# s## -oii tli® 
plates J, thos© on the hot plat© and ,:;,uard. rSiig b«li^ In close 
proximitf fe tii© ftM tljs«e «a th© mmim wit smft ©«»• 
pmsm^Tj isjit being IwateS. on Imei^ st j^ lates of tli&s# 
Anottor tfeermocowplo ora Jane tlon en tl* mid 
p3m^m om  ^ ia & mmr tMsk of mMm «t s@r©-
Cmitigrad® 5# mm4 t© check tb# i«psmtitres of tfc»' <kjM 
pMfce# 111 ^ ireai^ ts. &t "binding p»ts oa tli® ifup-
#abiB©t» ©Irctiits .a» -sb^pii ia 
f iplp-#' §•• , 
AS iiiai«l»d la figure ef tb# mia te«atli^  
©letioat extends well boyond WkB edg© of fee hot 0al^ 
tl»' m6t»sl %mmgW. ef nicbrom®, riobon directly opposite Wm 
hot •p.3«t» is to detemin© »t# ©f ^ 
tiie Isot plat®» tomi^eraturci 0oaffiol©n'fe of &£ 
immn-
*• iimef plat® &t tmit# 
1 • tammit pMt® of «M tjsaiijag unit# 
0 »«. Hot plat©# 
D *» Guard ring» 
1 • aoM p3A%«« 
W * potentiometer. 
S i|al»««©t®r» 
S » Standard cell# 
* •» ftisrmo-junctiori, 
Biiidii^  pastas 
1 - 0«it» of hot plate, 
t # Oiiat:«p of cold plate*. 
t • 
10 * imm &t mim, mit*.. 
11 .• ®f #o^#n»ai%iag laiit* 
W »*' fe0t plate. 
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l» »o ii»ll mat r®sistm#e of this 
mt jspaoticallf constant throiig i^out lemgm 
tenperafewe 3m which th® appaamtas. 1# w@€# 
1# supplied to h««.t:ing e3©meats by mans of ilQ volt 
A* G# W%emm t §Mm: m of feii» #S.#et3?ioal coan®#%ioiiS.» 
ftsg of the plates ar© controlled by regulatis^ 
Wm mmmt&trn *,leb. w©- ia s®?!®® wl^  thm 
h«*tiag eleisents# 
m&mm 
JL * Ameter# 
1 • Mala ImmtMg 
0 * 1%# fe#ater, 
D - compensatory feeatij:^ el^sent. 
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the  ^l&©8# f^tll mrnwrnea insulattea Is mm 
Ijirgelyto &©- small dead, axr cells miWrnw within b«feir«#a 
to tSMmm. m i«t m m. we&mm  ^
idli# dead air space £» tlje thenml insulat» feow# 
lot oaly the «ill *i.-r @»lls mim&m%lmt %® « 
mlmimm feai .«i# of t&» lo©s®-»jflll inaiAatioii mis© 
gieatlf' €9i®r® loss of heat %|r convection and radiatioa* 
Mimmskt. im%A^mw -mm: ef 
mm only slightly hygroseopio, However, to striiifeir# 
&£ 'Wm f»€a0t i« *.-s %& m^9 ii witla-. a 
^wmt ea|>a@l%.for w«t©r» as m mmlt of tfe» 
pla|«.t#«l |i»aOTei» ®f :iai€ eapillarlty mm& 
©,f feb® m©# ttiiir*!' ®*pitel« of absorbing 
aij'ire^al In la ^is discussion 
all «feat®»isfe# f@rtiglnl.«g -ft© bygs-osssj^ Ml^  'mfmw -#i« 
iaaiilatt<m aiwl aot  ^%im towt® mto i^ftl ©f 
whi<Sb £%. i« B»a«  ^
Tim of tti» i»«»oag#  ^ It^ttlii wafes# loos©* 
fill lasaltttlon Sm to decrease mmkm^ mi Smmd sir e«lls« 
'0tirteais ©£ tti«# #saa alF «#il« «fN6 %• popti^ l#* et 
witli m eonsequemt 'immmm in them-aal conductivity# 
Fop r&  ^ wool itoss® i«': mm sMitioiml itilsh insults 
to £m^. air cells hmm m%m 
increased du© t» cohesion of tbe fibers of the 
•fhi» ,s#«©»€ ^ iner^ased transfer of- &©%% fey 
convfictlon and radiation* The transfer ©f iieat by condiic-
tion is further aujiniented Iby the surface filns of water 
wkiete til* %«%»»« tt» » 
particles# 
la •%!»' «plojia»t #f ho% flute mipi^ ate® 
with ©oai^ensatory lieatisg lanit tli© determination of %hm. 
©lermai coefficients Is dependent upon tlie acquisition 
®ais*gas:»© of m m%ms^ With timmmX 
dusting tl» raain heating imit .«d tfe® eo^^^nsstiag 
wit Is ,ao flow 0t ia « dtr##-M©m nofsal to- !:&»• 
h©t plate on the sidb :«a^ from tli® cold plate# with 
©^militorivim existing fe»%»®en the gwa  ^ ring and 'tis© p«rl^ twi^  
<of fim hot plat# ta»©r@ is no lose of i»at d» edge effect®, 
aad best flow in a direction parallel to the plan© of the hot 
pJmte is pi«TOat«d, %im»m #©iwlitioa« of ©qmlliferlaB 
obtain#  ^tt is logieal fe ftftt tUm toto'l li«at floir Is 
-ia a €-:^ #otion aor^ J. to- tbe plioe ©f th© tm% fiM%m mn&. 
tto cold plate, i.©., the lines of fl«if -mm 
noiOTil. to the plates and the iaothersial p2«n#e mm 
* m 
te tti# plates# 
wurthema.qm.t. ia tm app»ataib €®seplb©d mhom- wm c-qm 
wmlmP' ©wri##' tti#- l»at ms^J s« faat as it »«si'efe%s.' Si# ®oM 
plat© and, &lmm ttie hot plate furnishes m ecsistant supply 
of i# wi^ta UaTOliiti^ 
mterial, these isonditions, tlie tisie rat© of heat 
fl©#.,. B;* tlsrei^li til®: i# froportional te lii# 
a* tb© hot plat© mm &^§atmnt, 
tf/dx; h-mmm mm mm-
a « k a - ^ '  ( 1 )  
where K is a proportionality constant depending ©a tl# 
particular t^p© of s^^l# ©onsidsration# lis tMs 
the temperat-ure gradient Is Wim 
,jP#,M%So» between tesnperatixre and distance is li»©#ry ®a€ 
»imm 1 Is approm^t#ly ©oi3»t«t thronghots*- afeort ra»g:#s of 
tiiap^fatvire, the solution of equation (1) Is ' 
s « « a ..& ct| 
wtrnw®- •% is ©f tl». tet p3At@# T% is tii# 
t»iiiperatur© of the colt^ plate, a-wd 4 1® the distant# Is 
wstiraeters between tk# plates*. 
'Mm 
a: of insmlmfea<a.;w» plmm& im 
:« •«»«» desiocator for Iwemty-fow hoiars s»t M3®3a wst^toi# 
3^watot@iy •'w$igliiag it mm #*«» mm 
«©t«.tia»«. content bj vmmxm &t m. m%mXimw 
Mm .«^Is feting thoroughly ttgitat#d tli® spmyii® 
mm mmt &X2jm»& t« in « ^-ssmliiS 
Erleme^er fljsisk mi large eapacitj for a period f©r%* 
u&wm mw' mmm^ pemittieg msimirna. &£ 
iaolstixj?©# ®ie conditioned loose-fill Insulmtlon iras |js% 
im s^^l# fmem mA $m lot mpprnm^^m 
Mtmr aeterniiimtloR ©f its to«»al m# 
mm: -w^mma ^m^mtmxj twm •%&# ma 1:|» 
#oa%©ofc ase#ri»lma 1  ^'wdsghiw®, m m a» 
B«for« a a»ipl® wm ia tli» ^@imCL e0atotivi% 
^ itete •«»». t# «*• 4#sto@a 
tmperatur® and t4» ®l»ostet8, mmt im :s«ri#-s-
•ffitli th© li,#ating el®tents {see #igiir« #)» »» ia 
»a@fe :« mmmr- m of 
between  ^m§mm wit »€ to unit, 
«» m& srli^ «' this 
to f l¥© houi's tir® required for Wm. tlm 
mf hmt tlipo«g& 'wm simple fe© mm  ^ a sm& "tfcm 
mlmtjaiged the loss of aoistia?e iron the sample to 
#f*poration. 
a Mmton A»0» wlilela toad be@a fa 
Piiysias Departaaent Standards Laboratory was «»#€ mmwmmm 
 ^^mvm: .s«f|plidd to- to *i» h@»ti^  i 
aipinaisem^at was employed to measure the elactrouotive fsjF©® 
of Us®- ,li»ii«iocoupl« feetw^en hot plate and eold plate, fli« 
relation between themal eloctromoti-u^© fore# temperatiir# 
was takm from a ealibraticoi cm*ve for copper-constantan# 
i»: iib im .mriwsmg rosily mt 
the valiies of exisidng potentiowt#^ elrcuit 
m&mm ^eplaeed a h&vlmg m wmw^imblm imsl-m** 
tanc© in series with tfco Kioving coll aa shsswa la FlgisiP# S* 
A galvanometer Imfing a thermo-sensitlvlty of 0»075 
sdtttl.gi'ttl# -pir «••. 4«fl©©tlom wmn. fiadtt-ag' s«ll. 
points la the balaae©.# mi@»©#oafl© eireuits# 
2b * 
*». aoi^ is m »ioi , 
Tim pirobftbl® «owq«s of ia Q»«# inv«®tig*feio»s 
will b« aiseuss^ b#l<j* as foll»iit 
Cik| i3py0» lii a«s#i^Miiafc &t wppllsd te ilmt 
portion of the Main heatiiig elejaent directly opposite 
fee hot platsf 
{b) '.Brrors in the m!&B.sivcmnent of t©mperatw#| 
(o) srrors in the measureiaBnt of tbiokusss &f s&mple$ 
.1*4) liti#r©nt ia th0 #f inialmtlm t&st&df 
(©.) Thorsml leakage* 
ffa© -mi tlii- inwlir©® taiw 
p^&mxrmiemt. ^  tt» current flow^tef la aalMi fe#afcii^ 
©l^eiit and the determination of tiae lengtti of i*esistaa©® 
•rsbfeoa «i® h»t lata?»'» 
Awed in detej^mining %M was probably small as to 
iMictai'acy of the aiari©t«r m»»€ i*«s well within the limit -©f 
mf Wm apparatus as a wlioM:# p^ii:#4w 
sion 0f wamis»!M63Eit of tii© length of paslstans® wir® was as 
m b® tfe# mt:# ®f m st®@l. 
»trl© im2» ms Mib measiiring,. dOTi©®^^ fb® 'Mmg:Wi mm ml* 
:<i-mliit»d feoit »d# befor® th« el««it mm w-mwA 
wj' *»• 
ma * aieasure^at *ds aft#? windl-^ * 
tteitfr: .of %hm t»l»l re^iatano® wmM m the base® @f t» 
».asa»»iitis-, ^ .1»# Wmm o«l oiim. 
Srrow ta tl» of tfirap«pattir@ 8»2J. sine# 
^ pr#eitl:«a the ^.4%# 4s a:13. ttwt eouM fe® 
€#si.red. Th© accursGj of ih-swocouples ijiillt -iat© fetai-
«|>parat\is was checked in 1il» followtttg mainsr. 
mmpmm mm?» mm in ©-aajmctlon w£m mim 
circuit to obtain data few coolli^ ciirves ©f mm Apparatus, 
f|» tl»«a. 
wljm ^enroeoupl#® ««i another series .©f eooling ©%»• 
•tesia'#®:# Xsa ao e«s« €M. correspondlu^ «^llag etirw# Q.f ^ats# 
two series differ hy mmPm- than one per cent. Tbe ^tt# 
potentiometer provide# imp the elimination of the 
of any external parasitic electromotiva force,* Bwtaimt 
fcisat# failed to a»f cppreeiabl© parasitt© 
ffes tbiete#»s. of m .#• t&# feptlj of* .'«i# 
Mftsarife «aapl© frj»g aai, tMs '.diseiaftlott urns quit# ae-otirat©lf* 
fiatJiigfe tM- mm of a vernier caliper# Sine® taj® 
]^iit©.lpai "til?til® ®f loose-fill instilatiom ll#s in tto# #»•* 
trapped d»ad sir. e©lls  ^ on© is Jmstifi## 1« ««ai»laf tlmt 
'%& w&m l»t. plat# «r®' 
'i^gwtsitlws •CEonatltuent parts of tl«' iasiilatioii si®pl®." 
#®iLai<3,©ratioii».. 
• 28 * 
A^ttioaal mTwrnm iswevm £^mi thm ittlierest 
natiU3*e of the t-vpe of insulation tested* It is entirely 
possible tl».t tim satl3#s*ti#*l #t«tiQas ©oBawtl^ea 
do not hold So rigidly for insulators of th© loose-fill 
%p» its tm solids in istiich th® stru©fei«e'^ m gmSM^ i» 
exceedingly fias eompared to the total thickness of %im 
Tests on samples ooaposed. of different sis®* of 
pa^tiol©# dM r©witl m. €@fiaite verlmtlm. t» .©«* 
ductivity hut it is not kxiown. to what extent this vsriatioa 
wmm: influenced by «ls# of iwtrticMs., 
Oa® of th# gr«at#st sowro#® ®f #i?ror was %h% tF«aaf#F ©f 
h@«fe % evaporation at the hot plate aitd condensatios «it lis® 
lf:#M plat« testing samples of relatively iiols* 
content, fo lessen this «rror all tests wcr@ 
t®^er«tur© iBid tl» ©oM plat© tswiperatxir© mhfmt degr©«« 
hmtcm t^fe- of' -tti# tosto ^ p^oir«d tifeis to b© 
the opti33R» tesperatur© rmnge eonsistmt with siaiiua ti» 
£m- Tm&hlno, m m%mwAf siat« l» iai« ©aipi®#. it i» 
®^vi«as timt the drift ©f ^fr« tl® hot pla%« ©f 
^ -to- the cold plat© «1€# will continw mtil th* 
mp®r^  this' 
phenoiaenon r©m.ilts ta iia distribution of noistur# ia 
• 29 * 
Foriions frcsa a sainp?.e of ir#»t©«li.t# 
insulation having a moistis:'© ccsntent of tiiipteea e«iEfe 
talceia mt end of a theraml ooxwiuotiirity «iii, of .six. 
teours disration and each rjortloa weighed separately, 
««r© nino portions taken sueeessively from the bet 
til# tmm': t© '1^ flat® sM#, tbe-aiia® 
portions constltilting © entire «iiapl6» After a 
.ill si« m#mi*.'i»«l©aatar tiie t^i»ii# 
w»# again wrnl^rndm Froa tliss© weights fee original p©re@nt^ 
of Koistto*© of #a©li porti« flies# dat® 
sr« giir©a ,ti» fam® 1 til# gm^ieaJt. »«aXt is mmrn %& 
figor# 
raul# Tloisture distribution in sasipl© a,ft#r 
eonductivity test, 
n w ordinal nuraber of portion begiimiisg mfe li®i plate# 
M « weight of ffioiiit asaapl® in g3P«BS« 
m « weight of vactim dry sarapl© in grM«» 
W « weight of watex» content in grams, 
w « water oontent In per cent. 
a w m ^ -w 
1 S5,56 24,32 1.B4 4,8 
S 26,58 SS,S4 1,22 4,6 
S g7,96 S6.S7 1,69 6,0 
4 28,11 26,28 1,8S 6,5 
i 3©,89 27,06 S.8S 12,4 
e 55,61 26,65 6,98 20.7 
? 54.31 26,70 7,61 22,1 
i 54,96 26,92 8,04 25,0 
i 34,56 25,44 9,76 25,3 
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It is to be noted that the* 33K>isti3r® distribution owtw& 
i# Balaaeing thm fiyst portion agalM# 
hb© nlathj^  ts» s«©€mfl agaiitbt th# ©tc^  ^ ^smt® !« 
AOind to be good agresKent between the average densities of 
•mmb. piir#*' Wi'^ 'Si© ®x&eptlon -o-f ttse 1»§ pair feis mgwmm"* 
laent holds to within five per cent. The excess moisture 
t t m  % m < § . , p m S T  m w s m w m m t m B  f m  i l » :  & f l © i © n o y  o f " . i n  
ttas ©antral portion* Thus one may reasonably aasitae |li« 
^oaiuctivlty deterioined for any given sasiple to ^ 
Wm- as tlmt for a. s^apl# mitmm 
ti<5« m£ raolsti3r©. 
It is quite mm «»»©:« #f i».f 
ttiat due to iti©rsial leakage, althou^ every available Bftitos 
w«'S «ipioy®a to .gmM Agmlniit mim mim%0 wmwm m& 
facilities at hand for keeping the texaperatur© of mm. 
coristajit mid the ©dg© insulation lised proved inadepiat# is 
mmmfm 'mtetaia tl»iml @quillbri»« foi*' 
dtxratlon o£ any test toinpsrature differane&s ia thit null 
©Srouits varied from tw© degrees dtymwmrd to 
wm #ach msasxiremeat of tlierml conductivity a test mm »A# 
t© ascertain the variation of temperatures T/iih tiii# goid 
-itei* wmm !& tlae tmm. m gmpt-# 
mme mms takea,- -©f "W3imm 4«ts in tte - ©valmtlon nt f lial. 
resulte 4511 conductivities, 
Al«ioa^- as# m# 'mAm of a gvmrA flag at %m •«%# ©f to-
bet m 'iwatlag mit *ms t® 
ia»a^^ t^® a« of h©at only twiM tte: -©oia plat«,. it is-
mlifesly -^st- isiitagf? im ^mmm si»ctioas was  ^ «ati»ly 
eliminated* ffesf© could toe no absolut© asaurance of » 
tmidirectional flow of beat teww?# cold plate, Qn tti# 
lasi-js- of *xperiraental tests aad iheoratical calculations w^# 
t>y v«i Dusen {12) the width of the gua3?d ring mm rore 
•ttotts -m .lc«»es of imm Wm- hot 
plate, Itt order to test edge losses ia th# iusulatioa smplwg.i^ 
mm Hii la. «. M^itontal positi.<^..» 
Wm -of S»6 m,m ttoicki»«.s tl» resmlta wmwrn m #»®1-
leat #«^«rdl®sa of tihe oriestatloa o-f «i# -saspl®. 
t«s-%» MMl#- with hmwim^ m thi#l®®S'S e£ 5-,»S '<1®:,. 
gav#. consistentlj lew®# mliafes of tl»i^»l congastivity 
tils-® wmm m m position# thm »alm#s ob» 
tainod for the thick sample in a vertical position wmwm onlj 
in fair agraerflent with the corresponding values for the thin 
A teat -mm dsslgatt -w a cheslc om mmmsmw 
©f fel» psBall#! toiwks e-f feeraocoupl#-« w#a a 
theraal balanee between differeat mits of ttie th«»*l 
coateetivity apparatus# Four thermocouples w-wmt attached 
m m 
tb# hot plate at widoly separated j^oiixta and the thermal 
#lectromotlve forces between the various therao-junctions 
»t«d, over a period of few® hours« Before beginning 
apparatus was permitted to reach a steady state wxth a 
S -mw slab of beaded,. gr©itat'-«©i?lE tmtwmu ftb# «sM 
plates*. Q?hrou^out tJie diiration of the test th© greatest 
^i^eratur© difference between any tw> tliermo-junctioGS 
was 0»5a degree CQntig3?ade» 
Partlatilar car© was taken to imintaln identical condi­
tions ia. mil. .lad tte igt- tii# wmmlMm 
obtained ®Tifficientl;f accurate for piirpos## ©f #w* 
partson» 
•«r • * 
¥i,» »ata 
Thermal conductivity do terminations were ?sade on tlire© 
widely different types of loos©-fill thermal insulatioa^i 
wimrnf. #®rale«lit®, rock «©1, aM aftipiM'iaUcs,. flm 
two dl f.fsrsnt naiae brands of heat treated mica la^twlatioB 
are designated in the tabl* m A* mn& 
*Veriaiculite B.' The (Resignations 'Ktistser 4* and 'Hiisnber 8* 
refeff t© the siae of particles constitutiiifj tlse saraple, 
4* refers to wRterial W « mmhm^ # «§»@a 
and GQnt&lnlmz particles up to. ft maxiiatra sipo #f o»© 
».||«'b#r 8» refers to by s smiber 4 
soreon and atopped Iry a number 8 screen# Two kinds of 
Eiineral wool were tested, each at two different (iensities. 
t»a3.1t;ies- of the two kinds ©r mineral mm 
lay tl» ternis *lmapy» and «carded' which are self-explanatory* 
S«p3»«r»f gmmw& mrximtrni'm Sm too &l%m w«r® 
8' refers t# material stopped by a S. s©r®eii. 
«€ •©oataisl.iig patrtiel#® tip- to •» sSg'# ©f 1,»S ^«ati* 
4* mfmx'm t© by. m. 2 
mmmm a»4 atojpp®d by m t 8er®®a* 
wm- 'fe# pirp@». #f mta'tsk i^aiag, wiforaity tls®  ^ mmm' 
si 
wmm «sed tiiroughout the entire range &t 
©,©».%«»%«• ia«€ in connection with mij particular? of 
ingiilation# For ©acb sairjple •^i« cioistiipe coalisjrit v/as 
Increased in successl-g^e tests -until the thermal conductivity 
reached m valii® comparable teat obtained fm a m&sm &£ 
air of the sa» sis-e and shape, tested under identical 
conditions* 
Alt dl®©u»a#d la tflais report w«i?» ©a 
•s*®pl#a li£i¥ing a thiokness of B«6 om* and all test® mmm 
w€# wltiJ *i3# in a v©rtle&l poaltioa. ml«»s 
of til© ^#»al conductivity, K, w«r© calculated froM; tlw 
f#mtila wliich waa obtained ly combining 
the steady state jsolutiori of OSS €is#ii®l««3. li#a% 
flfiwr #q-uation, witJi jTotile's Mwt 
k » f.x. .4—. (3! 
j  (ig -  t i )  
*iO:i»« % * themal eona.\ictivity c-a3/®®c/cJa®/®S#/«# 
i euiTsnt in asiiperes. 
l<w resistance la <s^g/W* |l* » 
<i » tbS.eteie»s of saapl« in 
•i m electrical eq\iival©nt of heat (4,183 ^oul#ii 
i 
dif fdrerwf© .ia©% ©old 
m s®- • 
*ebM -miixms-'mt tli# Tm' tim wme^mm 
types ot iQose^flll iasulfttiion tested are glvea i» !I7abl©s 
% 4, S# 6, and ai»« siiowti gi?«pljl0all^ in Fig»«» 8:|,, 
9^ lOg llji 32# irx all of tlmsm &mt& the expressloa for 
t'e t; Gr':.v;l ^ioatmai^Xvlty^ !•<>•, *•-' » tJ^err.'iial o©».dixctli/lty 
ir, eBl/s.a<5/eai*/®.G^/'ei*i^i& to b© Interproted s« • 
e a .©ou^wctlvitj 3,« eal 
fabl© 1* fsiwtiiiiittf!'. m* 
0. m Blz& of particles, 
d s= density In grams per cubic centimeter. 
h =5 hygroscopic contsnt In per cent by weight, 
K » therml conductivity in cal/sec/oisP/degree G%/eia, 
4 
4 
€ 
4 
4' 
4 
3 
b 
& 
b 
•6 
h g, x 10* 
oas wmcmm dif 134 
0,12 7 im 
0,12 16 163 
0.12 20 168 
0,12 m 188 
0.12 40 199 
0.12 vacuijm #1^ 135 
0,12 6 142 
0.12 13 154 
15 160 
0.12 27 174 
o.is 41 195 
fa%l« a. f#mic\ill^ t#. B* 
a * Big® of particles* 
d ~ density in grams per cubic centimeter. 
b » hygroscopic content In per cent by weight. 
K » themal conductivity in ©al/sec/ci^/degree C»/cii» 
•m h E M ;to* 
4 0*10 iWlClltlK dry 128 
4 0,10 8 141 
4 0.10 13 155 
4 o.io 19 161 
4 . O.lO 27 180 
4 0,10 38 202 
8 0.10 vws-uuta ISO 
8 0.10 9 144 
8 0.10 13 152 
8 0.10 20 160 
8 0.10 29 174 
•i- 0,10 40 190 
m 38 >" 
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fable 4» Rock wool, card©d» 
d « density in ga?aj?is i>er cubic cantiaeter* 
h M hygroscopic content in per cent toy weight# 
K ~ thermal conductivity in cal/sec/ci^/degr©e c«/oa# 
4 • fc K X 
0,12 vacum dry 91 
0.12 5 111 , 
o.lg 10 133 
0.12 15 152 
0,12 20 177 
O.lO tifeoman ilff 88 
0*10 4 104 
0.10 10 129 
oao 16 142 
0.10 20 168 
Table 0« Rock wool, Ixsapy# 
€ » density In per cubic centimeter* 
to * bygroseopic content in per cent by weight# 
K « thersml conductivity in eal/sec/ci#/degr©e G./cm# 
€ • to s x lo*-
0*20 vacuum &f llO 
0#20 5 118 
0#20 9 144 
0#80 16 103 
o.so si im 
0»16 motom €sf . los 
0.16 4 105 
0.16 11 140 
0.16 15 152 
0.16 SO 183 
I 
v > ki ' -' ^ «^^©*''ss^?s^s>-5t^ .'' '• '-" 
^ '^^ii^h\}i:.i».-m''j^^j?'^^^^' ".-'r\ .i u> j.z.'. 
'k i^ '"^ st- ' 
M uli '> •-;. t'v i^ 
9"., 
.-'ti-n '.-'•-vts. 
.>'va4v:ltli^  
• -.»•/'-
o 160 
f' ^ i: 1 '. • 
^^yv". \ 
'\.S. 1 ;*• i 
i 
', ,-i ."'> 
•^ 1 -. - , 
• 
' '  '? "  f  '  /  
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a»j Sw ' •'•' lii 
j-v^s ,'.•.••• 
k«>::--
m: 
•fatel# ©•• ground 
fi « sis© of particles. 
€ w densitg' in grams per cubic centimeter# 
li « hygroseopio content in per cent by^iK^ight. 
S » themml conductivity in. <smX/&mc/cm. /degree G./cm» 
m « •  * !»*• 
t 0.04 elrj 109 
S: 0.04 8 lis 
i 0.04 12 ISO 
t 0.04 18 1® 
0.04 25 141 
t 0.04 m 158 
f. 0.U4 59 160 
0.04 w&mxm. dry 113 
'% 0.04 8 120 
4 0.04 12 124 
4 0.04 18 ISl 
4- 0.04 25 13S 
4 0.04 32 145 
% 0.04 40 155 
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mm%B m wmlmrn^ mt 
mmml timfc is a Xitmm twatmmm skC 
#;caiaueti"rt-*y »1:^ . *#isiiap® •••©«§«%• 
!0h© rate of this increase for the tin?©# general types of 
i»®ialatlon tested is roughly indicated in f asA m 
gpapbical comparison t# .i» Wlgvsm 1S» 
m%l# f #, l« .^ «f ®doductlt3.% 
wltli moisture content 
of Insulation 
mmu weol I 
ftmicnlit© 
I ® ' 
t  ^
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ffe® of increase for rock wool 
hm accounted for, at least la part, bj oxperimental 
mm-mMmmM wbil# bimidlfylag -of 
type# For ^le greatest ©ffioieac;^, aaciples of roek wool 
lagaMtloa 'smst consist of' fluffy Agltrntim 
of the Kiatorlal while conditioning it tas Sae desircHd 
of bjgrosoopic moisture content caused the iata®f«l fils«r» 
fe t&m ittto ««11. balls or pellets* This tmm§&ncj, oouplM 
Wm addtiloB of moisture, ©ffeetod qua^te m nidi®al 
«li«as« to s@«lianloal struettare of th« :rook mm% •mmplmm* 
in practice lfe« rock wool otbcvo of i?igt£r© 13 i^uld 
1»®s: imv® it bts@& -ssiumsr 
It is iateresfeiag to note from FigtJtf# M fe© 
^oBdueti'Tl^ of insulators laM# of 'hygwmm^pM 
aaterials sasli cornstalks is !#»» % %l« addi­
tion of noistur© than that of saiaplos *d# imm practieall^r 
non-hygroscopic materials such as rock w&^%, -gad Tortniculita* 
ffcis ia ««plaln®d ^«a «»# «^«i»ld#rs taa© priaeipl# 
whi«to w&m for ©ffocti'«f@nos« of -llijftrsal insulation of tb# 
tfi»» ©oj^idored# I# jpreviousl^ pointed oat,, its 
l£®s largely is to -©a^apped A#ad .mlr e«llS'«, Is loos#-
fill insulators. of %!»• d«ad air o«ils 
&r# r©fla©-@d % cells of wm%&v ^il® p»i?tlel«s mm» 
S«l«# absorb littl® or so water. On th# ottefer .Imsd., th® 
mmj by particles leaves 
m sraaller i»#iiitt to 1# ©ff«©tiT@ t» %im umlisi'' •&£ 
mtw ©-©lis*-  ^
AS «. ba#l# .f03? «h®ekiH^ inssuMss, »p«e3jil tssfes i»sr# 
wifeii sir «s tb® Insulating mditsa. Using • 
^aiiie and the edge insulation esaployed In the 
»gttlar series testa, the l&@^iml conauotivity of «±ir 
WW tmmi^ %& ¥# ,1 » o«oc>ol77. in another %m% m «ii» 
i«ple- and edge Insulation were rem*#® ttow® giving 
•imm pli^  t# .^ ttwsis t^lsift m ^ ih# la, tms 
3ji.tt®r t«st it w&b ispesslbl® to ##cu» « stmmA^ sta>t«# 
Readings tak«a of® m p#riod of tta»e» 'tooiirs 
fluctuations In tiie range K » 0«000155 to K » 0»#ecil®9» 
Steis it is observed that for practical purposes m li|rgr®«* 
ssojpl.# ©output of • S0 p-» mmt by 
««apletely vitiates the efficacy of loose-fill iagttlflition# 
• m * 
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